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ABSTRACT

Theapplicabilityofdifferentialequationstodescriptionofintegervaluesdynamicsinbio-informatics
isinvestigated.Itisshownthatadifferentialmodelmaybeinterpretedasacontinuousanalogueofa
stochasticflow.Themethodofconstructionofaquasi-Poissonflowonthebaseofmulti-dimension
differentialequationsisproposed.Mathematicalcorrectnessofthealgorithmisproven.Thesystem
hasbeenstudiedbyacomputersimulationandadiscretenatureofprocesseshasbeentakeninto
account.TheproposedschemahasbeenappliedtotheclassicalVolterra’smodels,whicharewidely
used for description of biological systems. It has been demonstrated that although behaviour of
discreteandcontinuousmodelsissimilar,someessentialqualitativeandquantitativedifferencesin
theirdynamicstakeplace.
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INTRoDUCTIoN

Mathematicalmodelling,particularly,inbioinformatics,isaboomingfield,whichisquitefarfrom
asteadystate.Differentapproachesareinuse,anditisnotobvious,whatmathematicaltoolisbetter
inthisorthatcase.Themethodscanevencompete,althoughshouldcomplementeachother.Inthe
presentarticle,awayofcomplexuseofdifferentialequationsandstochasticflowsareproposed.

The usage limits determination of continuous models is one of the topical problems of the
mathematicalbiology.Thereisnumberofcharacteristicsofbiologicalsystems’dynamics,producing
thediscreteeffects:developmentandrestructuringofbiosystems,informationinteractions,etc.It
isespeciallytypicalforbioinformatics,whereallmainindices,characterisedstudyingsystems,are
discreteand,additionally,usingcomputertoolsisalsobasedexclusivelyondiscretedescription.

In the same time, when one moves from data collection to dynamical modelling, it is very
attractivetousesuchmathematicaltoolasdifferentialequations.Theyprovidetheresearcherby
arangeofpossibilitiesofbothquantitativeandqualitativedescriptionofrealprocesses.Itispure
countinousdescription, but there is awayof its discretisation.Accountingof discretenatureof
systemparameters(phaseco-ordinates),asitwasmentionedabove,leadstoitsdiscretisationfor
thetimeco-ordinate.Thepaperisconcernedwiththeconstructionofcorrectmethodofthetime
discretisation,basedonpreviousresultsoftheauthor,startingfrom(Chernyshenko,1989).Thetime
stepisconsideredasnon-constantvalue;itdependsondynamicparametersofthesystem.Aswell
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known,discretisationdecreasesthesystemstability(Casti,1979).Thecorrectdeterminationofthe
timestephelptoinvestigatespecificphenomenonofrealecosystemdynamicssuchaslossofstability,
pseudo-stochasticbehaviour,etc.

BACKGRoUND

Thebioinformatics,asafield,includesanumberofmathematicalapproachestodescriptionofvarious
aspectsofbiologicalsystems’functioning(Bioinformatics…,2013;Shen,Tuszynski,2008).Atthe
presenttime,twowaysofmodelling–bydifferentialequationsandbystochasticprocesses–are
developing,mainly,independently.Anobservationoftheapproachescanbefinding,particularly,
in(Brown,Rothery,1993;Erciyes,2015;Kunita,1986).Insomemeaningtheyareoppositeways:
differentialequationsarecontinuousand,usually,deterministicmodels;andstochasticprocessesare
discreteand,naturally,stochasticones.Inthesametimetheyareusedinmanycasesformodelling
ofthesamerealprocesses(ascitytraffic,epidermisandmanyothers).Theycanreflectdifferent
aspectsofmodellingsystemsandcanbegoodsupplementseachother;buttheirharmonisationisa
separatecomplexproblem.Itwouldbeveryimportanttointegratethebothapproachesinonegeneral
approach.Itisespeciallyactualforresearchesonbioinformatics,whenonedealswithdiscretedata
(likegenome),butdirectstodescribeandpredictcontinuouseffectsonamacrolevel.

Withinstudies,devotedtocombinationofthetwoapproaches,thereareanumberofarticles,
especiallyorientedtobioinformaticsproblems(Anderson,Chaplain,1998).Thework(Smilde,.etal,
2015)showsawaytounderstandsomepotentialstochasticfeaturesofbiologicalsystemsonthebase
oftheirdifferentialmodels.Theauthorsusedwell-knowncovarianceanalysistoestimatevariance
insomebiologicalindices.Inthearticle(Meietal,2015),stochasticflowsaredirectlybuiltinto
thebioinformaticsdifferentialequationsandcanbeusedforprocessingweb-basedbiologicaldata
throughaweb-interfaceofthemodel.AlsoanInternet-basedtoolsforbiologicaldataprocessing,
combineddifferentmodellingtechnique,includingdifferentialequationsandstochasticprocesses,
areproposedin(Yuetal,2013).

Todescribestochasticeffectsinbiologicalsystems,thereareanumberofapproachesbasedon
differentcomputationmethods(Tavassolyetal.,2018).Constructedcomputationalalgorithmscanbe
distributed(Boczkowskietal.,2018)orrealizedasaspecialmodelingtool(Azeloglu,Iyengar,2015).

Therearealsoasetofquitesophisticatemodels,basedonideasofdifferentialcalculus,w/hich
describesomespecialdiscreteandstochasticeffectsinbioinformaticssystems.Inthepaper(Azumaet
al,2007),discretebiochemicalpathwaysareidentifyingusingaspecialqualitativetopologicanalysis
ofcorrespondingdifferentialequations.A“generalmodelofbiologicalchange”,whichconsistsof
twoequationsanddirectsonuseofsmallsamples,isproposedin(Rasnick,2009).Thecontinuous
modelcanhelpwithdescriptionofdiscretegeneticpathways.

Interestingresearches,whichgavesomeideasforthecurrentstudy,tookplaceinthefieldof
usingbioinformaticsdataanddiscreteapproachesfordevelopmentofadequatedifferentialmodelsof
biologicalsystems.Thepaper(Iba,2008)withthespeakingtitle“Inferenceofdifferentialequation
modelsbygeneticprogramming”describesawaytoimprovedifferentialbiologicalmodelsofthe
baseofgeneticsmethods.

Appliedresearchesinthefieldofcomplexuseofcontinuousanddiscrete/stochasticmodels,
likeinbioinformatics,canhelpindiscoveringnewapproachesinthetheoryofdynamicalsystems
(Smitalova,Sujan,1991;Hannon,Ruth,1994).Thus,matchingthetwotypesofdescriptionscan
supportidentificationofsystemdynamicalparameters(Holder,Rodrigo,2013;Ballnus,2017)or
evenspecificationofthesystem’sstructure(Shih,Parthasarathy,2012).
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